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Notch is known to control endothelial sprouting during angiogenesis. 4 During embryogenesis, lymphangiogenesis occurs after angiogenesis, making it difficult to dissect whether and how Notch regulates lymphatic development in mouse models. To this end, Geudens et al 3 took advantage of zebra fish as a model organism to study angiogenesis and lymphangiogenesis and silenced Notch ligands and receptors without critically impairing blood vessel development. They found that partial silencing of Dll4 or its receptor Notch 1b or Notch 6 severely impairs thoracic duct formation and that the fraction of lymphatic sprouts from the posterior cardinal vein is significantly reduced. Those missing lymphatic sprouts become venous branches, indicating that a sufficient Notch signal is required to trigger the shift of venous ECs (VECs) toward LECs.
How Notch controls lymphatic endothelial fate is not known. Does Notch signal through a cell autonomous pathway? Or do blood vessels secrete lymphangiogenic factors on Notch activation, and do those paracrine factors, in turn, guide lymphatic development? To this end, Geudens et al 3 demonstrate that Dll4 can directly activate Notch 1 in cultured human umbilical VECs and induce a lymphatic transcription profile, indicating that Notch/Dll4 signaling is potentially able to reprogram VECs into LECs. By activating the homeobox protein Prox-1, Sox18 and COUP-TFII are able to commit specific cells of the cardinal vein to the LEC lineage ( Figure) . 5, 6 Whether the Notch/Dll4 signal is involved in regulating Prox-1, Sox18, or COUP-TFII (the LEC fate determinants) remains to be elucidated.
Notch, in concert with vascular endothelial growth factor receptor 3, can regulate angiogenesis patterning. 4, 7 Notch can also reprogram cultured LECs into arterial cell fate. 8 However, the mechanisms of how Notch signaling controls VEC, arterial EC, and LEC fate are still unknown. Geudens et al 3 suggest that Notch signaling is crucial to the determination of EC fate and must be tightly controlled to maintain normal lymphatic development. Further in vivo studies stemming from this work are likely to reveal how Notch/Dll4 signaling leads to LEC fate decisions.
After lymphatics separate from the cardinal vein, a critical question arises about how lymphatics undergo appropriate patterning to form a functional network. Geudens et al 3 discovered that lymphatic vessels faithfully navigate along arterial vessels and that Notch provides molecular cues for this process. They found that, at later stages of lymphatic development, in embryos with proper lymphatic sprouts, Notch is required for the guidance of lymphatic migration along arterial templates. When Notch is silenced, the parochordal lymphangioblasts do not migrate; or they incompletely migrate and stall along an arterial template or misroute themselves along veins. Geudens et al propose that LECs may sense the guidance cues from the artery through Notch 1b. Whether LEC navigation requires cell-cell contact with arterial ECs or whether LECs navigate toward the gradient of molecular cues released by arteries remains to be elucidated.
In addition to the fate decision of LECs from the venous endothelium, Geudens et al 3 show that Notch is required for the multiple steps of lymphatic development. This observation further suggests that signal transduction between these apparently distinct vascular systems may not simply be "on and off" during embryogenesis. Continuous cross talk between blood and lymphatic vessels may exist in adults and could be important in lymphangiogenesis during wound healing, inflammation, and tumor progression. Thus, this work has significant translational implications.
Lymphangiogenesis usually occurs several days after angiogenesis during pathological processes. 9,10 Furthermore, the resulting lymphatic vessels are frequently functionally impaired. [11] [12] [13] [14] Proper patterning of lymphatic vessels during lymphangiogenesis is required for normal lymphatic function. If lymphangiogenesis is an event subsequent to angiogenesis in wound healing or tumor progression, it is important to know if angiogenic blood vessels direct LEC fate and migration through Notch signaling. Studies 4,15 on tumor angiogenesis have shown that some ECs have both blood vessel and lymphatic markers. Thus, it is worthwhile to discern whether Notch is involved in EC plasticity. Notch 1 and Notch 4 are expressed on LECs in invasive mammary micropapillary carcinomas 7 and possibly in other tumors. Thus, Notch could be a target for controlling angiogenesis or lymphangiogenesis in cancer.
In conclusion, Geudens et al 3 have demonstrated that Notch is required for LEC fate decisions and that arteries provide a guidance template for the formation of a functional lymphatic network through Notch signaling. Moreover, this seminal study provides compelling evidence that the cross talk among venous, arterial, and lymphatic vessels is critical for proper function of these networks in zebra fish. Whether these results can be generalized to mice and other mammals needs to be determined. Independent of this, the findings of Geudens et al suggest that pathological lymphangiogenesis may rely on signals from blood vessels and that Notch could be a new target for antiangiogenesis and antilymphangiogenesis therapy. Finally, this work opens up the lymphatic field to investigating other molecules involved in blood vessel branching and patterning as potential candidates for lymphatic development and lymphangiogenesis.
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Figure.
Notch links blood and lymphatic vessels. Notch is involved in the critical steps of lymphangiogenesis during embryogenesis: EC fate decision (1) and LEC sprouting from the cardinal vein (2). Geudens et al 3 also show that lymphatic vessel patterning is guided by arterial vasculature and that this process may be mediated by Notch (3 and 4). Prox-1; VEGF, vascular endothelial growth factor.
